Abstract. The herb Momordica cochinchinensis has been used for a variety of purposes, and been shown to have anti-cancer properties. The present study assessed the potency and the underlying mechanisms of action of the ethyl acetate extract of seeds of Momordica cochinchinensis (ESMC2) on breast cancer cells. Therefore, the effects of ESMC2 on the cell viability, cell cycle and apoptosis of MDA-MB-231 cells were investigated. The results showed that ESMC2 exerted a marked growth inhibitory effect on the cells. Cell cycle arrest in G2 phase following treatment with ESMC2 was associated with a marked increase in the protein levels of cyclin B1, cyclin E and cyclin-dependent kinase 1 and a decrease in cyclin D1 expression. In addition, ESMC2 dose-dependently induced cell apoptosis, which was mediated via upregulation of the apoptosis-associated proteins p53, B-cell lymphoma 2 (Bcl-2)-associated X protein, Bcl-2 homologous antagonist killer and Bcl-2-associated death promoter expression, as well as downregulation of nuclear factor kappa B, Bcl-2 and myeloid cell leukemia-1. Furthermore, the activation of extracellular signal-regulated kinase 1/2, p38, c-Jun N-terminal kinase (JNK) and Akt phosphorylation were decreased by ESMC2 in a dose-dependent manner, indicating that ESMC2 exerted its effects via the mitogen-activated protein kinase/JNK pathway. Furthermore, nude mouse xenotransplant models were used to evaluate the tumor growth inhibitory effects of ESMC2. The possible chemical components of ESMC2 were analyzed by gas chromatography-mass spectrometry, and 12 compounds were detected from the major peaks based on the similarity index with entries of a compound database. The results of the present study may aid in the development of novel therapies for breast cancer.
Introduction
Medicinal plants are valuable sources for the discovery of novel lead compounds and novel chemical entities with anti-cancer properties. Significant effort has been made to identify compounds or herbs that kill tumors (1, 2) . The search for anti-cancer agents in plant sources started in the 1950s with the discovery and development of the vinca alkaloids vinblastine and vincristine, and the isolation of the cytotoxic podophyllotoxins (3) .
Momordica cochinchinensis Spreng., a member of the Cucurbitaceae family and an underutilized perennial dioecious vegetable, has been highly valued for its nutritional and medicinal qualities and wide range of uses. Its fruit and seeds have been part of an indigenous diet, and the plant has been used as a traditional medicine throughout East and Southeast Asia for a long time (4, 5) . In the various Asian languages, the fruit is called Gac in Vietnam, Fak kao in Thailand, Bhat kerala in India, Mu Bie Zi in China and Mak kao in Laos (6) . The ripened seeds with a palatable taste, cooked to impart its red color, are traditionally used in Vietnamese cuisine in the dish 'Xoi Gac' made for weddings and New Year celebrations (4) . The seeds of the fruit are used in Traditional Chinese Medicine and have various pharmacological actions against conditions including boils, pyodermatitis, mastitis, tuberculous cervical lymphadenitis, ringworm infections, freckles, sebaceous, hemorrhoids and hemangiomas; furthermore, they have immune-stimulating, anti-oxidant, anti-inflammatory and anti-cancer actions (6, 7) .
To date, the effects of Momordica cochinchinensis on breast cancer cells have not been investigated. In the present study, the effect of the ethyl acetate extract of Momordica cochinchinensis (ESMC2) on the growth of breast cancer cells was assessed. Furthermore, the underlying mechanisms of the anti-proliferative action of ESMC2 on breast cancer cells were assessed.
The modulation of the expression of cell-cycle regulatory proteins following treatment with anti-proliferative and apoptosis-inducing compound has been reported by numerous (8) (9) (10) . Cyclin (CCN)-dependent kinases (Cdks), evolutionarily conserved proteins, are essential for cell cycle control, and distinct pairs of cyclins and cdks regulate progression in various stages of the cell cycle (11) . The ability of ESMC2 to inhibit cell proliferation and cause cell cycle arrest, which is associated with apoptosis, was assessed in the present study. Apoptosis, characterized by a series of molecular signaling processes, is the major form of programmed cell death and has critical roles in cancer. It can be triggered by diverse intracellular signals that act upon the B-cell lymphoma 2 (Bcl-2) protein family, which can be divided into two groups: Suppressors of apoptosis [including Bcl-2, Bcl-extra large protein and myeloid cell leukemia-1 (Mcl1)] and activators of apoptosis [including Bcl-2-associated X protein (Bax), Bcl-2 homologous antagonist killer (Bak) and Bcl-2-associated death promoter (Bad)] (12) . In addition, cell transformation often involves activation of pro-survival pathways contributing to uncontrolled cell growth. Cell survival is mediated by the phosphoinositide 3-kinase-mediated activation of the anti-apoptotic kinase Akt (13, 14) . Three major members of mitogen-activated protein kinases (MAPKs), P38, c-Jun N-terminal kinase (JNK) and extracellular signal-regulated kinase (Erk)1/2, have also been shown to regulate apoptosis (15) (16) (17) . Akt in turn phosphorylates and inhibits the pro-apoptotic proteins. Therefore, Akt and Erk1/2 are key junction points linking together signal transduction involved in survival and proliferation (18) . Suppression of p53 and constitutive activation of nuclear factor kappa B (NF-κB) are considered as potential targets for therapeutic intervention aimed at selective elimination of cancer cells (19) (20) (21) .
The present study examined the anti-tumor activities of Momordica cochinchinensis Spreng. seeds in vitro as well as in vivo. The chemical composition of ESMC2 was also analyzed by gas chromatography-mass spectrometry (GC/MS). The results of the present study scientifically validated the efficacy of the traditional medicinal plant Momordica cochinchinensis Spreng. and provided a basis for its application in anti-cancer therapy. Extraction method. The Soxhlet extrac tion method, one of the oldest techniques of solid sample preparation for isolation of natural products, has been the most used extraction technique worldwide for a number of decades (22, 23) . The seeds of Momordica cochinchinensis were ground into fine powder by a grinder (FW100; Taisite Instrument Co., Ltd., Tianjin, China). Subsequently, the Soxhlet extraction method using a Soxhlet extractor (YMST-250S; Shanghai YuMing YiQi Co., Ltd., Shanghai, China) with a series of solvents with an increasing polarity gradient, including hexane, ethyl acetate, acetone, ethanol and water, was applied. Firstly, 50 g Momordica cochinchinensis powder was decocted in each solvent (500 ml) in the indicated sequence (from heaxane to water) for 8 h each. The individual extracts were filtered through a qualitative filter paper with 30-50 µM pore size (Hangzhou Special Paper Industry Co., Ltd., Hangzhou, China) in a funnel and collected. Finally, the extracts were concentrated using a rotary evaporator (RE-52A; Shanghai YaRong Biochemistry Instrument, Shanghai, China) and named as ESMC1-5 according the order of extraction, respectively. The weight of the extracted material of fraction 2 was 0.53 g with an extraction yield of 1.06%. The dry powder was dissolved with DMSO at 100 mg/ml and stored at 4˚C. The stock solution was further diluted with serum-free L15 medium immediately before use.
Materials and methods

Materials
Identification and chemical analysis using GC/MS.
A GC/MS (GCMS-QP2010; Shimadzu, Kyoto, Japan) with a Shimadzu AOC-20i auto-sampler system, and a Rtx-5 ms column (30 m x 0.25 mm internal diameter; film thickness, 0.25 µm; Restek, Bellefonte, PA, USA) were used. The column oven was programmed from 80 to 120˚C at a rate of 10˚C/min, then to 180˚C at 5˚C/min, then to 240˚C (5 min) at 10˚C/min, and finally to 280˚C (5 min) at 5˚C/min. The inlet temperature was kept at 280˚C. Helium carrier gas was used at a constant flow rate of 1.18 ml/min. A sample of 1 µl was injected, and the split ratio of the injector was 10:1. MS conditions were as follows: Ionization energy, 70 eV; ion source temperature, 200˚C; and full-scan mode in the range of m/z 50-600 with 0.5 sec/scan velocity. The major components in this sample were predicted by the National Institutes of Standard and Technology (NIST) mass spectral library, V.8.0 (Shimadzu, Kyoto, Japan).
Cell culture and animals. Human breast cancer MDA-MB-231 cells were obtained from the Shanghai Institute of Cell Biology of the Chinese Academy of Sciences (Shanghai, China) and were cultured in L-15 supplemented with 10% (v/v) FBS and incubated at 37˚C with 5% CO 2 . Cells in the logarithmic growth phase of growth were used for the experiments.
A total of 24 six-week-old female BALB/c-nu/nu nude mice (body weight, 16-18 g) were purchased from the Shanghai Institute of Experimental Animals of the Chinese Academy of Sciences (Shanghai, China). Animals were maintained under specific pathogen-free conditions at 25°C in 50-70% humidity with a 12-h light/dark cycle and had access to sterile food and water.
Cell proliferation assay. The effect of ESMC2 on MDA-MB-231 cell proliferation was evaluated by an MTT assay. Exponentially growing cells were seeded into 96-well plates at a density of 2x10 4 cells per well in medium. After 24 h of incubation at 37˚C, cells were treated with ESMC2 at various concentrations (8, 15, 30, 60 , 120 or 250 µg/ml) for 48 h. Subsequently, 20 µl MTT (5 mg/ml) was added to each well and cells were incubated at 37˚C for 4 h. After removal of the medium, 150 µl DMSO was added to each well, and the optical density of the cells was determined with a microplate reader (model 550; Bio-Rad Laboratories, Hercules, CA, USA) at 490 nm. The cell viability was expressed in absorbance units (24) .
PI staining assay. Cell death was assessed using a PI staining assay. MDA-MB-231 cells were trypsinized after treatment with ESMC2 at various concentrations for 48 h and then cells were collected and re-suspended in 1 ml phosphate-buffered saline (PBS). Cells were stained with 0.5 ml staining solution (50 mg/ml PI, 100 mg/ml RNase, 0.2% Triton X-100) and cells were incubated in 37˚C for 30 min in the dark. Cell death was measured by flow cytometry (FACSCalibur; BD Biosciences, Franklin Lakes, NJ, USA) (25) .
DNA morphological observation by Hoechst staining assay.
To visualize apoptotic cell death and nuclear morphology, cells were stained with Hoechst 33258. The number of apoptotic cells was measured by assessing the percentage of cells displaying chromatin condensation within the total cell population. Briefly, MDA-MB-231 cells were seeded in six-well plates (cat no. 3516; Corning-Costar, Corning, NY, USA) containing cover slips and treated with ESMC2 at various concentrations. After 48 h of treatment, cells were collected, washed with PBS and allowed to dry on the slides. Genomic DNA was stained with Hoechst 33258 for 10 min at 37˚C according to the manufacturer's instructions. Approximately 300 nuclei were counted per sample under a fluorescence microscope (Ti-U; Nikon, Tokyo, Japan) (26) .
Analysis of cell apoptosis. MDA-MB-231 cells were treated with ESMC2 at various concentrations for 48 h, and were then collected, washed and re-suspended in PBS. The apoptotic cell death rate was examined with Annexin V-FITC and PI double staining (5 µl Annexin V-FITC, 10 µl PI for 15 min in the dark) according to the manufacturer's instructions. The cell suspension was then analyzed by flow cytometry (27) .
Cell cycle analysis.
For analysis of the cell cycle, MDA-MB-231 cells were stained with PI as previously described (28) . MDA-MB-231 cells were treated with ESMC2 at the indicated concentrations. After 48 h of incubation, cells were trypsinized, collected, washed in PBS, and subsequently fixed in 70% ethanol. Following incubation with RNase (50 µg/ml) and PI (60 µg/ml) in the dark at room temperature for 30 min, the cell suspension was analyzed by flow cytometry (29) .
Determination of the mitochondrial transmembrane potential (ΔΨm).
The changes in the ΔΨm were determined by the retention of the dye rhodamine 123. For fluorescence microscopic imaging, MDA-MB-231 cells were seeded in a six-well chamber slide at a density of 2x10 5 cells/well. After treatment with 30, 60 and 120 µg/ml ESMC2 for 48 h, cells were washed with L15 medium twice. The wells were loaded with freshly-prepared rhodamine 123 solution (1 mM) and further incubated at 37˚C for 30 min. Following washing, rhodamine 123 fluorescence was measured by flow cytometry with excitation and emission wavelengths of 488 and 530 nm (30) .
Western blot analysis. MDA-MB-231 cells incubated with ESMC2 were analyzed by western blot analysis. MDA-MB-231 cells treated with ESMC2 at various concentrations for 48 h were lysed with lysis buffer (C1053; Applygen, Beijing, China) containing protease inhibitor cocktail and phosphate inhibitor cocktail on ice for 30 min. The lysate was then collected, and centrifuged at 12,000 xg and 4˚C for 10 min. The protein lysates were resolved by 10% SDS-PAGE and separated proteins were transferred onto polyvinylidene difluoride membranes and blocked with 5% skimmed milk for 2 h. The membranes were then incubated with specific primary antibodies overnight at 4˚C. The primary antibodies included anti-ERK1/2 (1:1,000 dilution), anti-phospho ERK1/2 (1:1,000 dilution), anti-AKT (1:1,000 dilution), anti-phospho AKT (1:1,000 dilution), anti-p38 (1:1,000 dilution), anti-phospho p38 (1:1,000 dilution), anti-JNK (1:1,000 dilution), anti-phospho JNK (1:1,000 dilution), anti-p53 (1:1,000 dilution), anti-Cyclin B1 (1:1,000 dilution), anti-Cyclin D1 (1:1,000 dilution), anti-Cyclin E (1:1,000 dilution), anti-CDC2 (1:500 dilution), anti-Bcl-2 (1:1,000 dilution), anti-Bax (1:1,000 dilution), anti-Bak (1:1,000 dilution), anti-Mcl1 (1:1,000), anti-Bad (1:1,500 dilution), anti-NF-κB (1:1,000 dilution) and anti-GAPDH (1:1,000 dilution). Subsequently, membranes were incubated with the relevant secondary antibodies (goat anti-mouse IgG-HRP or goat antirabbit IgG-HRP) at 1:10,000 dilutions at room temperature for 2 h in accordance with the manufacturer's instructions. Finally, the blots were detected by using enhanced chemiluminescence reagents (Immobilon® Western; Millipore Corp., Billerica, MA, USA) (31).
Subcutaneous xenograft model. Animal care was in accordance with institutional guidelines The animal study was approved by the ethics committee of Xi'an Jiaotong University, Xi'an, China. Prior to the xenograft study, an acute toxicity test was performed on mice to determine the 10% lethal dose (LD 10 ) and LD 50 of the extracts of M. cochinchinensis. The LD 10 (50 mg/kg) and 1/2 LD 10 (25 mg/kg) were then used to investigate the anti-tumor activity of M. cochinchinensis. Solid tumor models were developed from MDA-MB-231 cell lines. A total of 1x10 7 cells were suspended in 0.2 ml culture medium without fetal bovine serum and injected subcutaneously into the right axilla of the mice. Tumors were measured once every three days and the tumor volume was calculated from caliper measurements using the following formula: (short diameter) 2 x (long diameter)/2. When the tumor volume exceeded 100 mm 3 (about one week after cell injection), the mice were randomly divided into three groups: ESMC (25 or 50 mg/kg in normal saline; n=8 per group), or vehicle control (normal saline; n=8). All these groups were treated by intraperitoneal injection once per day. Treatment started on the day of grouping and continued for 14 days. All mice were sacrificed by cervical dislocation at the end of the experiment, and the sub-cutaneous tumors were removed and weighed. Tumor growth inhibition was calculated as: Inhibitory rate (%) = (Mean final tumor weight of control group -mean final tumor weight of treatment group) / mean final tumor weight of control group x100%.
Statistical analysis. All data were obtained from at least three independent experiments and expressed as the mean ± standard error of the mean. Comparisons between the different groups were performed using Student's t-test. P<0.05 was considered to indicate a statistically significant difference between values.
Results
Identification of chemical components of ESMC2.
The major chemical components of ESMC2 according to GC/MS analysis are listed in Table I . Based on the similarity index of the major peaks with entries of the NIST library, a total of 12 compounds were identified in the ethyl acetate fraction. The cytotoxic effect of ESMC2 was also assessed by observing ESMC2-induced morphological changes in MDA-MB-231 cells under a phase-contrast microscope. The results revealed a significant decrease in the number of cells after treatment with ESMC2 (120 and 240 µg/ml) as compared with that in the control group. Treatment with ESMC2 induced morphological changes of MDA-MB-231 cells, which acquired a round and shrunken shape, while retaining their polygonal structures (Fig. 1B) .
ESMC2 induces breast cancer cell death. The ability of ESMC2 to induce cell death was assessed using a PI staining assay. At each of the tested concentrations (30-120 µg/ml), ESMC2 increased the PI uptake, indicating that the rate of cell death was increased (Fig. 2) . In addition, it was observed that ESMC2 induced cell death in MDA-MB-231 cells in a dose-dependent manner. These results were consistent with those of the MTT assay to assess cell growth inhibition and viability, indicating that the anti-proliferative effect of ESMC2 on MDA-MB-231 cells may be based on its ability to kill breast cancer cells.
ESMC2 causes cell cycle arrest in G2 phase. To gain further insight into the underlying mechanisms of the cytotoxic effects of ESMC on MDA-MB-231 cells, the present study next investigated the effect of the preparation on cell cycle progression. Cells treated with 30, 60 and 120 µg/ml ESMC2 for 48 h displayed a G2-phase arrest. As shown in Fig. 3 
ESMC2 increases apoptosis of MDA-MB-231 cells.
To investigate the effects of ESMC2 on the induction of apoptosis, MDA-MB-231 cells were treated with ESMC2, followed by assessment of DNA fragmentation, an important characteristic of apoptosis, which can be easily distinguished by Hoechst staining. In accordance with the abovementioned results, treatment with 30, 60 and 120 µg/ml of ESMC2 for 48 h led to a significant nuclear condensation or nuclear fragmentation (Fig. 4) . To confirm the effect of ESMC2 on cell apoptosis and to distinguish between apoptosis and necrosis, treated cells were stained with Annexin V-FITC and PI and analyzed by flow cytometry. A dose-dependent increase in the percentage of apoptotic cells (Annexin V-positive, PI-positive) was observed. The percentage of apoptotic MDA-MB-231 cells resulting from treatment with 0, 30, 60 and 120 µg/ml ESMC2 was 14.97, 24.09, 32.50 and 65.70%, respectively. In parallel with this, the rate of early apoptosis and necrosis, shown in the lower right and upper left quadrants, respectively, increased in a dose-dependent manner (Fig. 5) .
Furthermore, the present study examined the effect of ESMC2 treatment on the mitochondrial transmembrane potential using rhodamine 123 staining followed by flow cytometric analysis. Treatment of MDA-MB-231 cells with ESMC2 caused a decrease in rhodamine 123 fluorescence intensity from 96.42% in untreated cells to 84.13, 62.98 and 43.30% in cells treated with 30, 60 and 120 µg/ml of ESMC2, respectively (Fig. 6 ). This loss of the mitochondrial membrane potential further demonstrated that ESMC2 caused apoptosis in breast cancer cells.
ESMC2 increases the expression of apoptosis-and cell cycle-associated proteins and the activation of MAPK/JNK signaling molecules.
Multiple signal transduction pathways are involved in the regulation of cell cycle progression and the induction of apoptosis. The results of the present study showed that ESMC2 was able to induce G2-phase arrest; therefore, its effect on the expression of cell cycle-regulating proteins was assessed. MDA-MB-231 cells treated with ESMC2 (30, 60 and 120 µg/ml) for 48 h were subjected to western blot analysis. Treatment with ESMC2 led to a significant increase in CDC2, Cyclin B1 and cyclin E expression, and a subsequent decrease in Cyclin D1 expression in a dose-dependent manner (Fig. 7A) . Next, the expression of Bcl-2 family proteins in MDA-MB-231 cells treated with increasing concentrations of ESMC2 (30, 60 and 120 µg/ml) for 48 h was examined by western blot analysis. Treatment with ESMC2 led to a marked decrease in Bcl-2 and Mcl-1 expression and a significant upregulation of Bax, Bak and Bad expression (Fig. 7B) . To further explore the underlying mechanisms of ESMC2-induced apoptosis, the effect of ESMC2 on the MAPK pathway was assessed by determining the levels of total as well as phosphorylated Erk1/2, JNK, P38 and Akt. According to western blot analysis, treatment with ESMC2 led to a significant decrease in the expression of phospho-Erk1/2, phospho-JNK, phospho-P38 and phospho-Akt, while total protein levels remained constant (Fig. 7C) . The results suggested that the protein phosphorylation, and thereby their activation, was downregulated by ESMC2 in a dose-dependent manner. Further western blot experiments showed that ESMC2 was able to upregulate p53 (Fig. 7D ) and downregulate NF-κB (Fig. 7E) expression.
Effect of ESMC2 on the growth of MDA-MB-231 cells in athymic mice.
The anti-tumor properties of ESMC2 were evaluated using an MDA-MB-231 cell xenograft model. ESMC2 inhibited tumor growth in MDA-MB-231-xenografted athymic mice in a dose-dependent manner (Table II) . At the end of the study, the tumors in the group treated with ESMC (25 or 50 mg/kg) were smaller and lighter compared with those in the vehicle-treated control group. The tumor growth 
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inhibition was 67.61 and 81.82% respectively. Of note, mice receiving ESMC2 showed no apparent weight loss during the experiment, suggesting that ESMC2 at the concentrations used is non-toxic to athymic mice.
Discussion
Preliminary experiments by our group have indicated that extracts of Momordica cochinchinensis Spreng. exerted an anti-cancer effect. In order to identify the active components, Momordica cochinchinensis was extracted with solvents covering a range of polarities (increasing polarity gradient of hexane, ethyl acetate, acetone, ethanol and water) via the Soxhlet extraction method. This method has the advantage that each extracted fraction contains individual compounds. The inhibitory effects of ESMCs on breast cancer cells was investigated using an MTT assay. Among the various fractions, ESMC2, which was isolated from Momordica cochinchinensis by ethyl acetate extraction, showed significant anti-proliferative effects on cancer cells. Therefore, the present study further investigated the effects of ESMC2 on MDA-MB-231 cells as well as its possible mechanisms of action.
Cell cycle arrest and apoptosis represent two effective mechanisms involved in the induction of cell death (32) . The cell cycle of somatic cells is tightly regulated by an intricate network of positive and negative signals. Much is known about the molecules involved in cell cycle control and the regulation of checkpoints to mediate cell cycle progression (33) . When MDA-MB-231 cells in the exponential growth phase were treated with ESMC2, G2-phase arrest was observed, alongside the induction of apoptosis. In the cell cycle, the G2 checkpoint control mechanism ensures that the cell is ready to enter the M (mitosis) phase and divide. The S phase is associated with DNA synthesis and has a crucial role in the progression of the cell cycle. The G2 phase is therefore a key stage in the cell cycle and the target of numerous drugs (34) . Positive factors regulating cell cycle checkpoints include CDKs and cyclins; a variety of cyclins, which are generated through the use of alternate transcription initiation sites, exhibit distinct expression and degradation patterns, contributing to the temporal with that in the control group. The observed G2 arrest was followed by cell growth suppression.
To identify the mechanisms leading to cell cycle arrest, series of signaling proteins were assessed using western blot analysis. These included G2/mitotic-specific cyclin-B1 (encoded by the CCNB1 gene in humans), cyclin B1, a regulatory protein involved in mitosis (35) , and cyclin E, which binds to the G1-phase-associated protein Cdk2, which is required for the transition from G1 to S phase of the cell cycle and regulates cell division (36) . CDC2 remains at a constant level during the cell cycle (37) . Furthermore, G0/G1-phase-regulating protein cyclin-D1, encoded by the CCND1 gene in humans, was determined (38) . In the present study, treatment with ESMC2 increased the protein expression of Cyclin B1, cyclin E and CDC2, which explains the accumulation of cells in G2 phase of the cell cycle in MDA-MB-231 cells following ESMC2 treatment. The decrease in the number of cells in S phase following ESMC2 treatment was likely to be associated with the concomitant increase in apoptosis and accumulation of cells in the G2 phase.
Numerous apoptotic stimuli induce cell cycle arrest prior to cell death, thereby affecting the cell cycle and the apoptotic machinery (39) . In the present study, apoptotic cells were distinguished by Hoechst staining, which was more intense in the ESMC2-treated groups than that in the control group. In the Annexin-V/PI assay, MDA-MB-231 cells were exposed to ESMC2 at a range of concentrations for 48 h, leading to apoptosis in a dose-dependent manner. Bcl-2 family proteins are regulators of apoptosis (12) . The Bcl-2 family of homologous proteins represents a critical checkpoint within most apoptotic pathways, acting upstream of signaling in response to irreversible damage to cellular constituents and including anti-apoptotic as well as pro-apoptotic proteins. The balance between these two classes of proteins is critical for predicting (at least in part) how cells respond to apoptotic or survival signals. In contrast to inactive Bax, which is monomeric and located in the cytosol or loosely associated with membranes, Bcl-2 is an integral membrane protein localized to the mitochondria. It is conceivable that the signal for Bax activation emanates from the mitochondria (12) . The present study showed that ESMC2-induced apoptosis was associated with the upregulation of the expression of Bax, Bak and Bad, and the downregulation of the expression of Bcl-2 and Mcl-1. These results support the notion that ESMC2 induces apoptosis by affecting the expression of Bcl-2 family proteins. This leads to the collapse of the mitochondrial membrane potential, as detected by rhodamine 123 staining, and ultimately results in apoptosis.
P53 is considered a 'guardian of the genome' and has a pivotal role in the regulation of cell cycle progression, checkpoint activation, apoptosis and repair of DNA damage. Manipulation of p53-mediated pathways is, therefore, an ongoing focus for the development of effective anti-cancer agents (19) . NF-κB signaling has critical roles in numerous physiological and pathological processes. One function of NF-κB is to promote cell survival via the induction of proteins that inhibit components of the apoptotic machinery in normal and cancerous cells. In addition, continuous activation of NF-κB promotes cell proliferation, which is involved in the pathogenesis of numerous human cancers (20) . The results of the present study showed that treatment with ESMC2 led to the upregulation of p53 and downregulation of NF-κB expression.
The MAPKs are important in the regulation of apoptosis. It has been originally shown that ERKs are important for cell survival, whereas p38/MAPKs are stress-responsive signaling molecules and are thus involved in apoptosis (15) . Cell survival is regulated by phosphoinositide 3-kinase-mediated activation of the anti-apoptotic kinase Akt. Akt in turn phosphorylates and inhibits the pro-apoptotic proteins. Akt and Erk1/2 are key junction points linking together signal transduction involved in survival and proliferation (15) . In the present study, ESMC2 was shown to restrain protein phosphorylation and accordingly promote apoptosis, finally leading to the inhibition of MDA-MB-231-cell survival and proliferation.
Xenotransplant models were used to investigate whether the anti-proliferative effects of ESMC2 evidenced in vitro may be utilized to achieve growth inhibition of solid tumors in vivo. Tumor cells at the periphery of the solid tumor are characterized by their continuous and active growth. As the MDA-MB-231 cell line was most sensitive to the ESMC2 fraction in vitro, the anti-tumor effects of ESMC2 were demonstrated in the well-established MDA-MB-231 human breast cancer cell xenograft model. A significant growth delay of the sub-cutaneously xenotransplanted tumors was observed in the athymic mice treated with ESMC2 compared with that in the untreated control group. The final tumor volume and weight of the xenografts were reduced by ESMC2 in a dose-dependent manner. At the same time, no body weight loss was observed in ESMC2-treated groups compared with that in the control group over the entire experimental period. All these results indicated that ESMC2 exerted potent growth inhibitory and anti-tumor effects in the human xenografts with no signs of toxicity.
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In conclusion, the present study was the first, to the best of our knowledge, to provide evidence that the ethyl acetate extracts of Momordica cochinchinensis inhibited the proliferation of MDA-MB-231 cells, and induced cell cycle arrest and apoptosis in MDA-MB-231 cells. Analysis of plant extracts using GC/MS has been performed previously (40) . The results of the present study demonstrated that ESMC2 contains various bioactive components that may have been responsible for the inhibition of tumor cell growth and induction of apoptosis in the cancer cell line. Therefore, these results warrant further pharmacological investigation of Momordica cochinchinensis seeds with detailed phytochemical analysis. Momordica cochinchinensis is a promising herbal medicine for cancer prevention and treatment, and the results of the present study will encourage future studies to increase the knowledge on the anti-cancer potential of this food plant. A future goal of our group is to identify the active components responsible for the anti-cancer effects of this herb.
